Measles virus (MV), a member of the Morbillivirus genus of the Paramyxoviridae 51 family, possesses a ~15.9-kb negative-sense single-stranded RNA genome that specifies 52 6 genes, N, P/V/C, M, F, H, and L, that encode six structural proteins. The P/V/C gene 53 is polycistronic and encodes the V and C nonstructural proteins in addition to the 54 structural protein product, P, an essential cofactor for the viral polymerase (20) . Studies 55 of isogenic knockout virus mutants defective for expression of either V (V ko ) or C (C ko ) 56 have established that these proteins modulate the host response to MV infection (15, 43) . 57
The mutants show strong adaptive immune responses, but innate responses are 58 dysregulated (9, 12, 55) . Infection with MV causes acute febrile illness. In rare cases, 59
measles infections can progress to a persistent infection of the central nervous system, 60 resulting in the chronic and often fatal disease known as subacute sclerosing 61 panencephalitis (35). Although there is an effective vaccine, measles infections globally 62 continue to cause significant morbidity and mortality. The need for improved MV 63 vaccines and for increased adherence to recommendations with existing vaccines (20) , 64 together with the potential for using recombinant MV vaccine strains with defined 65 mechanisms of attenuation as oncolytic therapeutic agents (9), have led to further efforts 66 to better understand the host responses to MV infection at the molecular level. correlates with a PKR-dependent activation of ATF2 and NFκB, whereas the activation 119 of IRF3 following MV infection is 56) . 120
Because ADAR1 has been shown to suppress MV-induced activation of both 121 PKR and IRF3 (56) immunoblots was performed as previously described (29) (Fig. 3) . Activation was assessed by measuring both 257 virus-induced phosphorylation of IRF3 at Ser396 (Fig. 3A,B) and virus-induced IRF3 258 dimerization (Fig. 3C,D (Fig. 3C,D) . The slightly reduced mobility of total IRF3 on SDS-PAGE seen in C ko -269 infected cells correlated with C-terminal Ser396 phosphorylation (Fig. 3A) (Fig. 3C ) of IRF3 was detected to any significant extent in uninfected cells. 273
Finally, the finding that the IRF3 phosphorylation at Ser396 (Fig. 3A,B ) and the extent of 274 IRF3 dimerization (Fig. 3C,D (Fig. 3) is consistent with the enhanced induction of 277 IFN-β seen in the ADAR1 kd cells (Fig. 2) . 278
ATF2 phosphorylation is enhanced in ADAR1-deficient cells following infection with 279
WT and V ko measles virus. In ADAR1-sufficient and -deficient cells, the different levels 280 of IFN-β induction by the C ko virus correlated with the phosphorylation of PKR on 281
Thr446 as shown in Figures 1 and 2 . Because activation of MAP kinase signaling and 282 ATF2 phosphorylation shows PKR dependency (29, 62), and because PKR activation is 283 enhanced in ADAR1-deficient cells (Fig. 1) , we examined the effect of ADAR1 284 deficiency on the phosphorylation level of ATF2, directly by western immunoblot 285 analysis with monoclonal antibody specific for ATF2 phospho-Thr71 and indirectly by 286 reduction of ATF2 protein mobility on SDS-PAGE (Fig. 4) . 287
The phosphorylation of ATF2 was increased in the CON kd and PKR kd cells, both 288 ADAR1-sufficient, following infection with C ko virus but not with either WT or V ko virus 289 (Fig. 4) . However, in ADAR1-deficient cells, infection with all three viruses (WT, V ko , 290 C ko ) gave rise to reduced gel mobility of the ATF2 protein and increased phospho-Thr71 291 levels compared to uninfected cells (Fig. 4) 
Induction of IκBα is increased in ADAR1-deficient compared to -sufficient cells. 294
Among the transcripts dependent upon NFκB for transcriptional activation, in addition to 295 IFN-β, is IκBα (22, 37). As a beacon for activation of NFκB (54), we measured IκBα 296 transcript levels by real-time qPCR in ADAR1-sufficient compared to ADAR1-deficient 297 cells following MV infection (Fig. 5) ADAR1-deficient (ADAR1 kd ) cells both of which are PKR-sufficient, whereas the 303 transcript level was reduced in PKR-deficient, ADAR1-sufficient (PKR kd ) cells (Fig. 5) . 304 ADAR1 deficiency leads to decreased efficiency of IFN-β protein production. Because 305 in ADAR1-deficient cells the level of IFN-β transcript is increased following measles 306 virus infection (Fig. 2) , but the activation of PKR is also increased in the ADAR1 kd cells 307 (Fig. 1B) , and because C ko virus infection gave rise to both increased IFN-β RNA 308 transcript and increased PKR activation in the ADAR1 kd cells (Figs. 1 and 2 ), we tested 309 whether IFN-β protein was differentially produced and secreted in the infected cells in an 310 ADAR1-dependent manner. We performed ELISA analyses, and as shown in The objective of our study was to test whether ADAR1 plays a role in virus-331 induced IFN-β expression using measles virus, and whether any of the observed ADAR1-332 dependent responses were modulated by the viral V or C accessory proteins. We found, 333 using cells stably deficient in ADAR1, that IFN-β RNA expression was increased ~100- NFκB and ATF2 are maximal in the absence of the C protein and are IPS-1-dependent, 364 whereas in the absence of the V protein or with WT virus, activation is low and IFN-β 365 induction is poor (29). Our results are both consistent with, and extend, these 366 observations. We found that IRF3 activation was maximal in C ko -infected cells, but that 367 the IRF3 activation was PKR-independent. We also found that IRF3 activation was low 368 in WT and V ko infected ADAR1-sufficient cells as earlier reported (29) (Fig. 3, 4) . The same was observed when IκBα transcript levels were measured as 371 a beacon of NFκB activity, raising the interesting possibility that NFκB-dependent 372 expression of cytokines in addition to IFN-β may be enhanced in ADAR1-deficient cells 373 following infection. The IκBα RNA expression pattern (Fig. 4) was similar to that for 374 IFN-β RNA expression (Fig. 2) multiple sites in a two-step process, initially at C-terminal serine/threonine sites between 395 amino acids 396 and 405 and then at Ser385 and Ser386 (23, 37, 61) . 396
Among our most striking results are that in addition to the fact that ADAR1 397 deficiency led to increased IFN-β transcript levels particularly in WT and V ko infected 398
ADAR1
kd cells compared to ADAR1-sufficient cells (Fig. 1) and also increased IFN-β 399 protein (Table 1) , the efficiency of IFN-β protein production was notably reduced in the 400 ADAR1 kd cells (Table 2) . What, then, is the relationship of ADAR1 as an RNA sensor 401 that destabilizes RNA structures (3, 46) relative to PKR as an established regulator of 402 translation (45, 47, 48) ? 403
The efficient IFN-β RNA induction seen in ADAR1 kd cells (Fig. 2) was 404 accompanied by an increased activation of PKR (Fig. 1) (29) but also by other RNA viruses (6, 19, 52, 53) . By contrast, we 456 found that ADAR1, also an ISG, displayed proviral activity with MV in HeLa cells (56) . 457 Similarly, with VSV, ADAR1 was found to be proviral both in MEFs and HeLa cells by 458 suppressing the activation of PKR phosphorylation (25, 34) . Several independent reports 459 concluded that ADAR1 was proviral and increased HIV replication (11, 14, 40) . While antagonism of PKR activation is emerging as one mechanism by which ADAR1 464 may enhance virus replication (16, 46) , another potentially more broadly operative 465 mechanism relates to the suppression of virus-induced production of IFN-β RNA in 466 ADAR1-sufficient cells as observed herein (Fig. 2) . 
